(1) Data collection The seed alignments for the bacterial ribonuclease (RNase) P type A RNA (RF00010; 306 sequences), the bacterial signal recognition particle (SRP) 4.5S RNA (RF00169; 271 sequences), and the tryptophan (trp) operon leader (RF00513; 24 sequences) were extracted from the Rfam database [1] . The full Rfam alignment for the hepatitis delta virus (HDV) ribozyme (RF00094; 598 sequences) was extracted due to insufficient variation in the 33-sequence seed alignment.
(2) Final structure mapping Several differences between the structures present in the Rfam database and those featured in the literature were discovered. Two short-range RNase P helices lacked conservation to due alignment errors, and the upstream helix of the trp operon leader differed in structure from the one described in the literature. For this reason, the experimentally validated functional structures derived from the primary sources cited above were manually mapped to the Rfam alignments, and the improperly aligned regions adjusted to fit the known structure. For the trp operon leader, the terminator structure was arbitrarily chosen for initial mapping.
(3) Sequence ranking Sequences from the Rfam seed alignment were scored and ranked based on fit to the final structure. For each known base-pair in the final structure, a point was awarded to those sequences with consensus nucleotides at these sequence positions (G-C, A-U, and G-U), and a point deducted for those sequences whose nucleotides could not base-pair, or which featured a one-sided gap, as one sided gaps weaken the thermodynamic stability of a helix by introducing 'bulges' [2] . Points were neither added nor deducted for two-sided gaps, as it is assumed that these indicate an evolutionarily unfavorable one-sided deletion event that was followed by a favorable second deletion event to create a shorter but consecutive helix without 'bulges' [2] . Species were ranked based on their overall score, and the top 10-25 sequences selected for the next step in the alignment assembly process. All-gap columns (a result of removing some sequences with insertions from the alignment) were identified and removed from the alignment.
(4) Extension to transcription start site In order to predict conserved helices which form co-transcriptionally, alignments were extended in the 5' direction to the transcription start site (TSS). The TSS for the RNase P alignment was found to be three nucleotides upstream of the sequences found in the Rfam database [3] . The SRP 4.5S RNA start site was found to be 32 nucleotides upstream of the sequence included in the Rfam database [4] . For the trp operon leader, the 5' end of the Rfam alignment corresponded to the transcription start site [5] . It should be noted that for the two alignments which required extension, it was assumed that all sequences share the same start site as the reference sequence. Finally, for the HDV ribozyme, the alignment was extended by 52 nucleotides in the 5' direction in order to include both upstream transient structures [6] . For each non-coding RNA, an un-gapped alignment of the upstream extension was 1 prepared, and gaps were inserted using the standard multiple-sequence alignment program MUSCLE [7] . The aligned upstream segment was then concatenated to the existing alignment derived from Rfam.
(5) Realignment of unstructured regions Despite the removal of all-gap columns from the alignments, some unstructured (unpaired) alignment regions featured gaps which were not placed in a systematic way. For this reason, all unstructured alignment regions (defined as two or more columns which did not base-pair in the final structure) were extracted, and separate sub-alignments were created for each region. These were provided as input to the alignment program MUSCLE, which removed all gaps and realigned each region based on primary sequence conservation [7] . Proper alignment of unstructured regions is desirable, as these regions may be involved in transient and alternative helices. While MUSCLE does not take base-pairing into account during alignment, this approach improves gap placement and may be undertaken without prior knowledge of transient and alternative helix locations.
Manually compiled alignments
Levivirus maturation gene MS2 is a species in the genus Levivirus, which is comprised of single-stranded RNA bacteriophages [8] . The maturation gene of MS2 is un-translatable at equilibrium, as its 5' UTR adapts a structure which sequesters the Shine-Dalgarno sequence of the gene [9] . Thus, synthesis of the maturation gene must occur transiently, and requires slow formation of the inhibitory structure [9] . Van Meerten et al. (2001) demonstrated that the formation of the inhibitory structure is postponed by the formation of a small transient helix [9] . The Rfam database does not contain an alignment for the Levivirus maturation gene [1] . Thus, the reference sequence (accession number GQ153927.1; start and end coordinates 1-132), final and transient structures were obtained from van Meerten et al. (2001) [9] . NCBI Genome features sequences for seven MS2-like phages which possess maturation genes with 5' UTRs homologous to that of MS2 [10] . These were extracted and initially aligned with MUSCLE [7] . Since the MUSCLE algorithm does not take base-pairing potential into account, manual alignment refinement was carried out in 4SALE [11] . Realignment of regions which are unstructured in the final structure was carried out as described above for Rfam-derived alignments.
SAM riboswitch The S-adenosylmethionine (SAM) riboswitch undergoes structural reorganization upon binding to the metabolite SAM [12] . Two alternative conformations regulate the expression of 26 genes in B. subtlis and related species [12] . The Rfam alignment for the SAM riboswitch (RF00162) features only one of the two alternative structures (the anti-terminator), and does not extend downstream to the region in which the second alternative structure is found (the terminator structure) [1] . Winkler et al. (2003) presented an alignment for the SAM riboswitch with the terminator structure [12] . A B. subtilis reference sequence (accession number AL009126.3; start and end coordinates 1258276-1258464), along with the experimentally validated alternative structures, were derived from the same source [12] . The terminator structure was arbitrarily chosen for initial structure mapping. Since the alignment spanned the transcription start site, steps (2), (3) and (5) were applied as described above for the Rfam-derived alignments.
Tree estimation
In addition to a multiple sequence alignment, the comparative program Transat requires a phylogenetic tree estimating the evolutionary distance between sequences in the alignment. While most tree estimation programs function under the assumption that each column in the alignment evolves independently, this assumption does not hold for columns involved in base-pairing. Alignment columns which are unpaired in the final structure of each non-coding RNA (or one of the two alternative structures) were thus extracted and utilized for tree estimation. While it is acknowledged that these columns may participate in transient or alternative structures and therefore subject to similar evolutionary constraints, without prior knowledge of these features it was assumed that unpaired alignment columns evolve more freely than those which are paired. The extracted unpaired regions where concatenated for each alignment, and a tree estimated using the FastTree program [13] Table S8 : Alignment information for SAM riboswitch. The alignment sequences are derived from the supplementary file of [12] . The reference sequence is AL009126.3 whose coordinates are 1258276-1258464. 6 
Known structural features and new transient structures
The following figures ( Figure S1 to Figure S6) show the reference structures for the six data sets. These figures also show potential new transient structural features. These new helices correspond to the top six helices predicted by Transat with the lowest p-values that have less than 50% overlap to the known structure. Figure S1 to Figure S6 are arc-plots made using the R-chie software [14] .
Arc plots
Horizontal lines In each arc-plot, the alignment sequences are represented by an array of horizontal lines. There are two set of horizontal lines, each representing the same underlying alignment. The top alignment comprises information on the base-pairs shown above, the bottom alignment comprises information on the base-pairs shown below. Vertical grey bar lines in the background show sequence coordinates along the alignment.
Arcs above the horizontal lines The base-pairs of known transient and known final structural features are shown as arcs above the alignment. Each arc correspond to one base-pair involving the two corresponding alignment columns. The arcs of top structures are color coded based on the structure type according to the "Known Structure" legend located at the bottom left corner. If the alignment has co-transcriptional transient and final structures, the covariation of the top alignment is specific to the final structure. On the other hand, if the alignment has alternative structures, the top alignment is specific to the alternative structure 2. The covariation quality is illustrated by colored squares for each sequence in the alignment, where each square represents a nucleotide. Two green squares connected by an arc refer to the most abundant canonical basepair in that pair of nucleotide columns. Cyan squares refer to a canonical base pair that differs from the most prevalent base-pair by a one-sided mutation. Blue squares specify a canonical base-pair that differs on both sides from the most prevalent canonical base-pair in that pair of alignment columns, while red squares indicates a non-canonical base-pair. Canonical base-pairs comprise G-C, A-U and G-U. If the square overlaps a gap it is shown in grey. Black square represent unpaired nucleotides. Figure S6 : SAM riboswitch. Alternative 1 is the SAM-unbound conformation and alternative 2 is the SAM-bound conformation.
Arcs below the horizontal lines
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3 Performance plots for folding pathway prediction programs
The following arc-plots ( Figure S7 to Figure S23 ) visualize the prediction accuracy of all three folding pathway prediction programs for all six data sets. Also these plots were made using the R-chie software [14] .
General features of these plots
Horizontal lines The basic features of theses plots are similar to the ones shown in Figure S1 to Figure S6 in terms of covariation, arcs and alignments. Unlike the previous plots, there is only one alignment per arcplot. Arcs below the horizontal lines The predictions from a given folding pathway prediction program are first filtered using the MCC-derived cutoff shown in Table 6 
Arcs above the horizontal lines
Definition of prediction value in the three programs
Any base-pair predicted by any of the folding pathway prediction programs is assigned a score. The calculation of these scores differs depends on the underlying program.
Kinwalker The prediction for each representative sequence of an alignment is first analyzed separately. For each predicted base-pair, the fraction of representative sequences comprising this base pair is calculated and assigned to this base-pair as the final score. We here use a cutoff score of 0.43 for these arc-plots.
Kinefold For each representative sequence, N folding pathways are sampled. For each predicted basepair, we first calculate the fraction of simulated folding pathways that feature this base-pair. This fraction is then averaged for all representative sequences of the same alignment and the resulting number assigned as score to the base-pair. We here use a cutoff value of 0.755 for these arc-plots.
RNAkinetics Since RNAkinetics already summarizes all sampled runs into a list of probability values along equally spaced simulation time points, we choose to use the maximum probability to represent the probability of seeing a predicted base-pair. We then average this probability across all representative sequences of the same alignment to arrive at the final score of the predicted base-pair. We here use a cutoff value of 0.0082 for these arc-plots. 0
